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Background - QuesTek Innovations LLC

16 engineers, 9 with PhDs; founded 1997
Rapidly designing, developing, qualifying and inserting new
materials using computational methods on integrated basis
Creates IP; licenses to OEMs or alloy producers/processors
4 alloys licensed: Ferrium® M54™, C61™, C64™ and S53®
Working with many colleagues in industry and academia
~10 major new alloys in development

30+ patents awarded or pending worldwide

Serving industry and government
Recipient of many business and 25 _
technology awards W ncgame.
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Accelerating the Materials Development Cycle

Materials by Design™

Specify Implementation
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AIM Methodologies
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Process-Structure Modeling

Thermodynamics
Bulk

Chemical (TC)
Elastic
Surface
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Coarsening

Magnetism -
Solidification
Scheil
1-D simulations w/ diffusion
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Grain Structure
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A First Example of Materials Design for Corrosion

Accidents by Aircraft System

Commercial Jet Transport Aircraft
1958-1993

10

13
15
16
21
22
27
33
37
39
40

e T B T TR ~ ]

49
85
100

S0 ~0< O»W

185
192

O Windows

@ Air Conditioning
M Autoflight

M Electrical Power
M Navigation

M Engine Exhaust
O Stabilizer

@ Doors

O Fuel system

M Nacelles/Pylons
O Power Plant

M Equip/Furnishings
M Structures

@ Hydraulic Power
O Flight Controls
B Wings

M Fuselage

E Engine

O Landing Gear

|456

T T T

0 100 200 300

Occurences

T 1

400 500

Source: FLIGHT SAFETY FOUNDATION-FLIGHT SAFETY DIGEST-DECEMBER 1994

Issues:
Over $200 million spent in LG
80% corrosion related
SCC failures

per year

Cad plating used to protect current steel

known carcinogen (Hill AFB ~

2000 Ibs/yr)

SCC failures

Benefits:
Dramatic reduction in LG cost (60%)
savings of $120 million per year
Significant reduction in SCC failures
Cadmium plating not required
General corrosion mitigated
80% of Steel Condemnations Avoided

HE failures
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Design Models Founded on Scientific Understanding but
Implemented for Optimization

Chris Kantner - “Quantum Steel”
PROCESSING STRUCTURE PROPERTIES .
PhD thesis Northwestern, 2001
mﬁarmemite: Mg = 200°C
| Ni: Cleavage Resistance 3.5+ Cs
| Co: SRO Recovery Resistance g I Rbi
Cr: Corrosion Resistance (=] 3.0 K\
' Strengthening Dispersion E g 2.5 \ 'gra
- (Cr.Mo,V.Fe),C R ® 20“‘ Nee (., 1 Pb
Avoid Fe;C, MgC. M7Cg, MasCy F = <7 e “;1 i +
. Passive Film Formation o g 1‘5_, Lim Mg“ vCd
Cr partitioning into oxide film R o 1.0 \ Ay Ag AZn
. 5 05+ n
| Microsegregation A -g E Sca Cr /’&\\‘ﬁeﬁpﬁi_"l‘i/”"/\u Al
Cr, Mo, V N w 0.0 2y _,‘ Y ®
c S 5] Tige X Y
gfraln Refining Dispersion E g ) a: z Ja Nvlo T;-" 'u T ‘Pt
Microvoid Nucleation Resistance E = NEY i 65 r
O 15 ¢ Re
Grain Boundary Chemistry ’ o E
. Cohesion Enhancement: B, Re ‘ 2.0 . T : T v T T T T T T T T T 1
Impurity Gettering: La,Ce A A A IVA VA VIA VIA VIIA VIIA VIIA 1B 1B 1B VB
; w : Alloying Additions in Fe Sigma 3
Charlie Kuehmann - “Thermal Processing %
Optimization of Nickel-Cobalt Ultra High- 6mNaCI 6.6E-05mCO 1.18E-04rhCR 7E-04mFE mi
Strength Steels” Carelvn C bell 15 D
PhD thesis Northwestern, 1994 e arelyn Lampbell - W e,
6 F1 AGMZC), kiimole Systems Design '
— Il Scaled Hata .
¥ I!I Canstant, m2/s Of Stalnless 0.5
= B0 ] 1 N . ” ) -
2 \ | Bearing Steel 3
- g | PhD thesis = 0]
£ s ? ;o £\ ) Northwestern,
I 1 i AR ] 0.5
: (L Vs 1996
£ 45 ; T |
g -1.0
Y s : \\ A 0
10 11 12 13 14 15 16 17 DU 3 2

M2C Driving Force (kJ/mole) with wi(V) ‘

Design a steel with a wide. robust spinel window |
Cementite Para-Equilibrium
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Corrosion modeling
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Pourbaix diagrams

Design a steel with a wide,
robust spinel window

ASTM B117 pH = 6.5-7.2

Diagrams not very sensitive to
composition
Revised oxide TDB

On the “oxide formation” side
of things
Equilibrium

.6mNaCl 6.6E-05mCO 1.18E-04mCR 7E-04mFE mNI

15 | | | | | |

This line represents
OCP—the point at
which a passive file
just begins to form -

1.0 -

0.5+

V (SHE)

-0.5 1

-1.0

Design a steel with a wide, robust spinel window
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S53 Corrosion Behavior

Initial Studies: 12 months Follow-up Studies: 3 months
PH 15-5 (195 ksi) S53A (285 ksi) $53 (AMS 5922) (288 ksi)
~0.0005" 0.001"~0.002" 0.001"~0.002"
pit depth pit depth - pit depth

Exposure tests at QuesTek (left) and Kure beach (center, right)
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Cycles.

Characterization of corrosion pits

Corrosion fatigue testing |
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A Corrosion Modeling Architecture

Input

Existing model

|
|
Model to be developed ‘
Model output ‘

First principles models

Oxide non-
stoichiometry
Transport phenomena
within oxide (e.g.,
oxide-vacancy
interactions)

Underlying nanostructure and

Carbides (including cementite)

External
conditions

Composition
and heat microstructure
treatment .
*  Precipitates
\Z * becCr
Integration

FPlatforms

/

Oxide characteristics
* Thickness

*  Composition

» Defect concentration

Oxide formation

model

Oxide dissolution model
Developing of pitting sites and
oxide dissolution

[
Oxide passivation and /

Existing design models
*+  Phase stability,
precipitation kinetics
*  Strength

breakdown behavior
Emerging design models
X = Toughness
S New alloy design | - Fatigue
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Multiscale representation of the metal/oxide system

Oxide dissolution |

Oxide layer

Oxide
= Formation

= Development of pitting sites and
dissolution

Underlying microstructure and
nanostructure

- Solidification microstructure

= Inclusions (sulfides, oxides,
efc.)

»  Austenite (refained,
precipifated, etfc.)

- Martensitic lath structure

- Carbides

- MNanoscale €——
————= = Cementite

- Other strengthening precipitates —‘ Nanoscale carbides |
+  MNanoscale bee Of €————————

]
Base metal &
<
v P- e
: 4{?.; i -‘i e i
-

‘ Submicron cementite | 200 nm

] bl

M4' Nanoscale bee Cr
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Oxide formation and dissolution

Oxide formation (PDM framework, left;)

Metal Barrier Layer Precipitated
(MOys2) Outer Layer/Solution
. , k3 .
() m+VE = My +Vp, +Xe (3 My > M (aq) + Vi + (B-X)e

F

k2 A\ .
@ m- M,‘.(LW +Xa

- L
3)ve (4) Vg +Ha0 = O +2H

ks .
(5) MO +2H* = M® +2H,04 B-De

| Oxide formation

Oxide dissolution (PDM framework)

Metal Film Solution
Cation Ejection
MM*M“' (aq) -VMx-

"

N
L — X

e Schottky
Pair
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T ) t -—X
.~ bR Migration
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Im

| Cation condensation

1.5 L L L a.t
o L
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z o 2 -@.z 3
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Lt Ll .
-a@. 4+ L
E .
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Calculated Pourbaix diagrams

Dissolution Dissolution

& b o
ik 5
Film Growth Reduced Film Growth

(8) Steady State {b) Vacancy Condensation {c) Local Film Detachment

Repssshation Stable Pit Growth

Oxide dissolution and
rupture
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Quantum Mechanics Insights into SCC resistance

Potency of Embriitlement (e\V/atom)

H/Fe: Eb - Es =+0.33eV

3.5+ Cs
1 Ro¥
30
2.5 \ §E
1 Nae \ o Pb
2.0+ Caa Hg 1
- Y \ *
i Mge vCd
10- Lim \ LY GB FS Ag s
som \\La v/ A
i e #
0.5 - My . ,&"‘
y ScaA Cr ~.Fe _f__ NI~ ®Au Al
e \'-\. V_.-/
0.5 ;’tm-g Ru R
. r Ta Tc ¥ B
1.0 - N N "
R NDY W & Os
1.5 - ¢ Re
-2.0 ' I ' I d T ; I : I ' I 4 I .
A lIA A IVA VA VIA VIA VIIA VIIA VIIA 1B 1B 1B IVB

Alloying Additions in Fe Sigma 3
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Example: Lower Cost Designs for Optimal SCC Resistance

* Ferrium M54
* Navy SBIR program

* Navy SBIR topic NO7-032, “Computational Design of Advanced Alloys for
USN Landing Gear.” Currently in Phase Il (contract N68335-08-C-0288).
TPOCs Amy Little and Michael Leap.

* Phase I: 2007-2008
* Phase Il Base: 2008-2010

* Full-scale production, demonstration of 1% minimum properties, patented
composition with commercial licensee

125 5 tests @ OCP
E e I e
i
e G 2
2tensile, 2KIC,
120 \Z —B- MetalWerks [ | 130 ]
’1 520°C T = AerMeri00, Air
120 s H
Invalid (?) [
[ - o | T
115 1 ——— = — - s 110 | | X | -S-AerMet100,KISCC
TR 5t > i |
alllangitudral
T 22K, Ve 100 — ® AerMet100, fast
3 12K,
i10 112K, L= %0
_ “ | i cle(Reiadi ) AerMet100, extra slow
£ '_l—m 1'.'?- - ! . 80
I 108 el = _E % M54 [SAES M52-2A, old HT), Air
=) =LA —— z 70
= P= 3P T el \ :?, 50 ~6~M54 (SAES M52-24, old HT), KISCE,
100 o [_‘s:u'c | sw00c § 289 ksi UTS
aotremnesied) N o H zuemiezie > gg M54 (MetalWerks, new HT), KISCC,
ﬂ-uﬂﬂu:':& \ sl longitudiral 300 ksi UTS
A I
40
s ! 3tests @ OCP fall-0.61 V)
HOT ranormalized, HOT reannealed: 30 1
1.935°C 1r * AC(RT) + 625°C 16HR » ACIRT) + \ N
2.1025°C L5H + 00 + (36"C 1H) » AW[RT) + X'C 6Hr + AC kN ' H
z M 20 } : L.
S0 Renormalized, reannealed, 1 above plus: 500°C +_ T 3tests @ OCP
271060°C L5k + 00 + (G0 113)+ AWIRT] - C 6H + AC 10 t (0.594, -0.594, -0.594 V)
LATROBE SPECIALTY | | o wocr ] [~cwoce e
STEEL COMPANY 8 +
280 285 230 285 s00 305 310 -1.3 -1.2 -1.1 -1 -0.9 -0.8 0.7 -0.6
; Extra slow=(10/5 /4, 8)
uTS (ksi) Voltage(V,.)

$ LESsS I = Corrosion Resistant Naval Alloys:
— e ——

Innovative Multi-Scale Computational Modeling and Simulation Tools
INNOVATIONS LLC Phase | Program Review, 10 March 2010 *p. 15
. . Tek P i Inf ion—SBIR ight
Materials By Designe QuesTek Proprietary Information—S data rights



Schematic of an electrochemical framework

Input

Existing model

Model developed in

Composition
and heat
treatment .

microstructure
FCC matrix

program

J

Model output

QuesTek’s

CMD

» Dispersoids
» Constituents

Underlying nanostructure and

* Strengthening precipitates

Existing QuesTek models
* Phase stability,
precipitation kinetics
» Strength

Electrochemical difference
between matrix and
precipitates

a. Corrosion Potential of
matrix (composition
dependant)
b. Corrosion potential of
intermetallics
(composition dependant)

=

tial, v (0.1N Calomel Scale)
b ,

. pote

2 3 a s 5 7 8 3
Mn //:
S
08 {,)/ Cu

kg

Zn —

wit:Solute
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QuesTek “OCP” designs utilizing implemented models

.?) g & IAtﬁxedulfa!ue of (b) K | Atﬁxedlva!ue of
™} F QUandAg . I 2 M%angzn
N 5 o - 3 ¥
Eé _cé)c;‘.‘ o , & '?é B -, ('%, rA
iR SF AR B e 28
! P 1 TR e
5 % ] % &
v & . ] P . °
Wt Mn Wt% Ag
(c) " At6.52n (no Cu)
S Light blue: OCP difference (in V
= vs. SCE) between matrix and eta in
E 1  T7 condition
& Green (dark blue in (c)): Phase-
NN - yaw fraction eta in T7 condition
@_‘Cg; 28
?:3 qa\ 2 ?% 2 =

Wt% Ag
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Simulated solidification curves and experimental micrographs
for alloy 7075 and QuesTek alloy Al-1B

1.0+ -
094 7075
08-
0.7

o

06

—

c 0.5- i LAy § i

2 | )

§ 0.4- Sl
 lastliquid

“ 03 solidifies

|;|‘2.i ~455°C
wl |/

u( T T T T T
@ 400 450 500 550 600 650 70O

S-phasgforms Remnantconstituents

T (Celcius) White:
Solidification simulations As-cast + stress-relieved Homogenized + T73 heat- Undissolved S-
for 7075 and QuesTek microstructure treated microstructure
Al-1B alloy e

1.0 L
0g. Al-1B
0.8~ -

- 0.7 r

206~

2 o0s-

T 04-

& lastliquid [
937 solidifies l' K NPT R e F gk
0.2- ~480°C S-phasé forms n'phaseprecipiated ™
014 L L <7 duringcooling =

o %0 450 S0 5% 60 e 700 e

D)

T (Celsius)

Fully dissolve soluble solidification constituents by selecting optimal
solidification behavior and optimal homogenization treatment
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Ductile
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[Olson. Voorhees] Liu, Parks]
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Fatigue Strength Nucleation
[Olson, Kern] [MeDowell,

= Olson]
FSL(SEM/TEM) 2%

Tomography
[Pollock]

Shear Instability
[Olson, Kern]

Microvoid Shear

[Moran, Liu, Parks]
Fatigue Propagation
[MeDowell]

Tomography
[Seidman] B
Yield Strength
[Olson, Kern] | "& ¢

Transformation
Toughening
[Parks. Olson]
Precipitation
Strengthening
[Voorhees,
Wang, Jou]
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MSC Fatigue Modeling Approach
Y

Input to t Free surface
Microstructure- [
Sensitive 5001m
Fatigue Life 2
Pregiction (FEM Model: h !
«(500pm)3 box D
«one embedded anomaly u.=0 * > 0
-one free surface R B Us
ﬂicrostructure' \ loading or displacement [0 10.0.0
: ILm
epartially debonded Qontrol along z-axis J /
NMP (Al,O,), intact I
NMP (Al,O,), or pore; u. orfigad contro
distances to free 500pm |
surface, size 7 u,=0
extremes (from *)
*mesh — grain size,

@entation

free surface

ABAQUS cyclic
loading simulations

!

[

debonded
intact

interface

interface

Test Conditions

(from *):

*5=1100 or 1200MPa
*T=650°C

*R=0.05

(" IN100 crystal

plasticity UMAT
developed by GIT
\under DARPA AIM

* S. Jha, M. Caton, and J. Larsen, Superalloys 2008, p.565

3D Tomography-Assisted Mechanistic Fatigue Modeling and Life Prediction for DMHT Aeroturbine Disks

Topic#: AF083-077; Contract#: FA8650-09-M-5216

20



o
 Demonstrated feasibility of microstructure-sensitive . * 3D Tomographic Reconstruction
fatigue simulation and fatigue life prediction . lllustrated Microstructure Features

Around Fatigue Initiation Site

g
Microstructur 1

- Fatigue life prediction
IN100 crystal

*Correct ranking of
plasticity ABAQUS ]_> microstructure effects
L UMAT *Good estimate of fatigue life
(Cohdltibns - Fommmmoooo- S hhRbbe ERRREEEE R "
(a) e i i i
: Surface Subsurface :
! Pore: Pore :
: 8> [ 2g !
1200 -~ -- - ---------- S s :
< E:-Icp Surface hIJMF' =SpickHilEce
. i i [ Exp. Surface Pore .« Synthesized fractographic and
o Exp. Subsurface NMP . metallograhic data for NMP/pores
= : ' i i | € 1E+16
*-;é 1150 po-eeemoeee e o *5 © dN, (R)
¢ cubace s | g B ieas / AR
ubsurface . | E a]
PDINMP ~PDNMP ; ; Subpsgrr(faaceg z<
1100 —---------- (I} -------- o - AN ;" o E E 1E+12 -
S%rf?ce Surface or m
: ore : Subsurface £ . [’\A
| | | Intact NMP S5 1E+10 - . re &
Experimental data from S. Jha, M. Caton, ! g '
1050 _andJ. Larse::n, Superallc:pvs 2008, p.5i65 . : ™ 0.E+00 2.E-05 4.E-05 GiE-?S
: Non-Metallic Particle Radius (m
100 1,000 10,000 100,000 1,000,000 oo

* Developed approaches to incorporate
N;(cycles) . dwell effects in transition zone

3D Tomography-Assisted Mechanistic Fatigue Modeling and Life Prediction for DMHT Aeroturbine Disks
Topic#: AF083-077; Contract#: FA8650-09-M-5216

Fatigue Modeling Accomplishments  %oS3IS5 Geqgn |
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Material Qualification

« SAE — Aerospace Materials Specification (AMS)
— This is the material procurement document
— Data: 3 heats, 30 tensile, 30 fracture toughness
» Analysis/approval by Battelle Memorial
— Document: draft an AMS document
» Approval by AMS subcommittee
» Approval by AMS — Aerospace Council

« Metallic Material Properties Development and
Standardization (MMPDS)

— This is the design allowables document

— Data: 10 heats, 100 tensile, 30 fracture toughness, 20
compression, 20 shear, 20 pin bearing (e/D = 1.5, 2.0),
physical properties, etc..

» Analysis by Battelle Memorial
* Approval by MMPDS committee and FAA

ASETSDefense 2011: Sustainable Surface Engineering for Q UES=ER
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Property

Accelerating the Qualification Cycle

A
Mea:tlue Material Property
______________________________________ Allowables
AIM Predictions Prediction
Ab[ H-BayesCalc
3 10 T
v AMS MIL-HBK 5 iSIGHT
Specification “A”- Allowables

Monte Carlo
Estimate P(O')J

Revised
Modeling

Trajectory ModeIJ

ASETSDefense 2011: Sustainable Surface Engineering for $ sl
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AIM Application Example: Ferrium S53®

Data generated for 3 melts/Simulations for 10 Data generation for 10 melts
* Predicted A-basis minimum = 280 ksi UTS e A-basis minimum: 280 ksi UTS
0'990. Simulation —#f" # 0.990 ,@“*u
0.900 ’ Heat 1 0.900
0.750 / 0.750 Average: 288 ksi /
0.500 0.500
> 0250 > 0250
= = B-Basis: 284 ksi
3 0100 Full Data 2 0100
S 0050 ———> g 0050
a K Development £ :
0.010.M:"-- Heat 2 0.010 LA-Basis: 280 ksi E
0.005 R 0.005 i
0.001 * 0.001
270 | 280 | 25:!0 3(;!0 310 270 280 | 2;'}0 | 3;]0 310
UTS, Ksi UTS, ksi

« AIM has demonstrated reliable predictions for design minimums

» Allows designers to consider alloys prior to full design allowable
development

« Reduce costs and risks for material design and development
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Flying Cybersteels

e S53 Field service evaluation (approved August,
2010)

— 6 to 24 months in test to determine preventative
maintenance cycles
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Experience lets us expand to new platforms ...

Original Demonstrations B New Platforms

KC-135
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... and to new applications

Capability extensions such as new surface hardening
processes allow us to explore applications where life is
limited by wear...

RGAs: Wing Folds/Leading Edge
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The next frontier...

hydrogen helium
1 2
H He
1.0079 4.0026
lithium beryllium boron carbon nitrogen oxygen flucrine neon
3 4 5 6 7 8 9 10
Li | Be B|C | N|O|F|Ne
6,941 9.0122 10.811 12.011 14.007 16.999 18.998 20.180
sodium | magnesium silicon phasphorus sulfur chlorine argon
11 12 14 15 16 17 18
Na | Mg Si| P| S |Cl|Ar
22.990 24.305 G 28.086 30.974 32.065 35453 39.948
potassium calcium scandium titgniym vanadium chromium | manganese Zine gallium germanium arsenic selenium bromine krypton
20 21 23 25 30 31 32 33 34 35 36
K | Ca Sc Vv Mn Zn | Ga|Ge|As | Se | Br | Kr
30,008 40.078 44.956 26 50.942 54.938 AP GE.5 65.39 60.723 7261 74.922 78.96 79.904 83.80
Tubidium strontium ytirinm zirconium nighiim technetium | ruthenium thodium palladium silver cadmium indium tin antimony tellurium iodine Xenon
37 38 39 40 41 43 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y | Zr \Nb Tc | RUu{Rh|Pd|Ag|Cd|In |[Sn|Sb|Te| | | Xe
85468 8762 58.906 91.224 g ) 28] 101.07 102.91 106.42 107.87 112.41 114.82 118.71 121.76 127.60 126.90 131.29
caesium barium lutetium hafnium tantalum tungsten rhenium osmium iridium platinum gold mercury thallium lead bismuth polonium astatine radon
55 56 57-70 71 72 73 74 75 76 77 78 79 80 81 82 83 8 85 86
Cs|/Ba| * [LUu{Hf | Ta| W |Re|Os| Ir | Pt |Au|Hg| Tl | Pb| Bi | Po| At | Rn
132.91 137.33 174.97 178.49 180.95 183.84 186.21 190.23 192.22 195.08 196.97 200.59 204.38 207.2 208.98 [209] [210] [222]
francium radium lawrencium [rutherfordium| — dubnium | seaborgium | bohriom hassium | meitnerium | ununnilium | unununiom | ununbium ununquadium
87 88 89-102 103 104 105 106 107 108 109 110 111 112 114
Fr |Ra|**| Lr | Rf | Db| Sg | Bh | Hs | Mt |Uun|UuulUub Uuq
[223] [226] [262] [261] [262] [266] [264] [269] [268] [271] [272] [277] [289]
lanthanum cerum  |praseodymium neodymium | promethium | samarium | europum | gadolinium terbium [ dysprosium [ holmium erbium thulium yiterbium
*Lanthanide series 58 59 60 61 6 63 64 65 67 68 69 70
La|Ce| Pr Nd|Pm|Sm|Eu|{Gd| Tb|Dy|Ho| Er |[Tm| Yb
138.91 14012 140.91 144.24 [145] 150.36 151.96 157.25 158.93 162.50 164.93 167.26 168.93 173.04
actinium thorium | protactinium| — uranium neptunium | plutonium | americium curium berkelium | californium | einsteinium | fermium  [mendelevium| nobelium
** Actinide series 89 90 91 92 93 94 95 96 97 98 99 100 101 102
Ac|Th|Pa| U |[Np|Pu|Am|Cm|Bk | Cf | Es |Fm|Md| No
[227] 232.04 231.04 238.03 [237] [244] [243] [247] [247] [251] [252] [257] [258] [259]

ASETSDefense 2011: Sustainable Surface Engineering for
Aerospace and Defense Workshop

Hues =
—————— e ————

INNOVATIONS LLC

Materials By Designe

p. 28



Using ICME to Significantly Improve Equipment
Performance, Affordability and EHS

NAVAIR: N68335-07-C-0302
and N§8335-08-C-0283

Navy: N§5538-09-1-0088
Virginia Class

ONR: NOOO14-05-M-0250
NAVAIR: N§8335-06-C-0339

Marine Corps: M§7854-05-C-0025 Army: W15QKN-09-C-0026

DoDJESTCP; Air Force, Ogden UT; General Atomics
Al0

Ferrium” S53 Corrosion
Resistant Landing Gear Steel

] re=

V22

- nl_l_l. .

Ferrium C64™ Gear Steel

jIaow-(:ositTltanlum Cast_[_ngé o

LandmgGear s:eel

ArmylPicatinny:

NavyfONR: N00014-05-C-0241 W15QKN 05-P-0181

CVN21

ArmylPicatinny:
DAAE30-01-9-0800

Army W911W6-09-C-0001
CH-47

ONR: N00014-07-M-0445 STTR-|
Seahawk

———

AFRL FA9550-09-C-0027
JSE

Soft Magnetic Materials

rogn3sis Smart Steel

ONR: NOOO14-09-M-0220
Naval EM Railgun

Ma7/M52
Gun Steels

ONR: N0O0O14-08-M-0309

Marine Corps: M673854-10-C-6502

NAVAIR: N68335-09-C-0215

Future Lightweight Medium

NAVAIR: N68335-07-C-0428

NAVAIR: N68335-05-C-0207 and
NE8335-07-C-0108

[JSF

LHA-6

Machine Gun

Cobalt-based
gun barrel alloy

AASxx Accelerated SCC-Resistant Structural Al

Qualification

s 7qurosiin-Resistant M
—l— 8 i

AFRL/Pratt & Whitne NSF 1IP-0839678

R‘ockehdyne PO 441 1]

AFRL{Pratt & Whitn
Roekehdrne MNROT461741

DOE: DE-3C0002475
" 1GCC Land-Based Turbine
1

AFRL FA3650-09-M-5216

Heat Excﬁgnger

MNASA IGRC NNCO7CBO1C
=

Fatigue Life
Prediction

i1 ;cm.slru:ture Modeling
in Ni-Superalloys

Creep—ResIstantxilnys =

Z

Prucessle Ni-Alloys

Hues =

—————— e ————
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Thank You

Questions?

Charlie Kuehmann

(847) 425-8222
ckuehmann@questek.com

http://www.questek.com
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